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@ Method of recovering gallium from scrap containing gallium. 



® Scrap containing gallium and arsenic is treated 
with chlorine gas to form a crude gallium and ar- 
senic chloride mixture. Arsenic chloride and impuri- 
ties having a lower boiling point than that of arsenic 
chloride are removed from the mixture by vaporiza- 
tion so that crude gallium chloride may be obtained. 
The crude gallium chloride is purified by distillation. 
The purified gallium chloride is electrolyzed to yield 
metallic gallium. If the scrap has a molar 
gallium/arsenic ratio exceeding I, arsenic chloride or 
metallic arsenic or both are added to the scrap 
before it is treated with chlorine gas. 
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METHOD OF RECOVERING GALLIUM FROM SCRAP CONTAINING QALUUM 



BACKGROUND OF THE INVENTION 

Field of the Invention: 

This invention relates to a method of recover- 
ing gallium from scrap containing gallium. 

Description of the Prior Art: 

Gallium is used as a material for making a 
compound semiconductor such as GaP or GaAs, or 
as a flux when an epitaxial layer is formed on a 
semiconductor substrate. As a result, there is even- 
tually formed scrap of a gallium compound or 
metallic gallium. It is very Important to recover 
gallium from such scrap from the standpoint of 
effective use of the resources. There are Icnown a 
number of methods for recovering gallium from 
scrap. One of them is described in the Japanese 
Patent Application laid open Under No. 101625/1982. 
It comprises the vacuum thermal decomposition of 
scrap containing gallium arsenide, its heating and 
cooling treatment, filtration of the molten material, 
treatment for forming an aqueous phase and refin- 
ing by recrystallizatlon. Another method is de- 
scribed in the Japanese Patent Application laid 
open under No. 213622/1984. It comprises decom- 
posing an intermetallic gallium compound by oxida- 
tion, adjusting the pH of the resulting solution, 
contacting the solution with a chelate resin so that 
the resin may adsorb gallium from the solution, 
passing an aqueous alkali solution through the res- 
in to iorm an eluate of gallium and subjecting the 
eluate to electrolysis. Both of these methods are, 
however, complicated. Moreover, neither of them 
can recover gallium of high purity easily. 



SUMMARY OF THE INVENTION 

It is an object of this invention to provide a 
method which can comparatively easily recover 
gallium of high purity from scrap containing gal- 
lium. 

This object is attained by a method comprising 
treating scrap containing gallium and arsenic with 
chlorine gas to form a crude gallium and arsenic 
chloride mixture, removing arsenic chloride and 
impurities having a lower boiling point than that of 
arsenic chloride by evaporation from the chloride 
mixture, distilling the remaining crude gallium chlo- 
ride to obtain gallium chloride of high purity and 



^lectrolyzing the gallium chloride of high purity to 
recover metallic gallium. 

If scrap does not contain arsenic, arsenic chlo- 
ride or metallic arsenic or both are added to the 
5 scrap and their mixture is treated with chlorine gas 
to form a crude chloride mixture. 



DETAILED DESCRIPTION OF THE INVENTION 

10 

If scrap contains both gallium and arsenic, as 
in the form of GaAs crystals, it is easily possible to 
form a crude chloride mixture if the scrap is treated 
with chlorine gas directly. If the scrap is of metallic 

IS gallium and does not contain arsenic, however, the 
blowing of chlorine gas into the molten scrap fonms 
GaCl, GaClz and GaCIa one after another and when 
GaClj turns to GaCla. the crystals of GaCt are 
precipitated and block the nozzle through which 

20 chlorine gas is blown. Therefore, It is necessary to 
add AsCIs having a lower melting point to prevent 
the precipitation of QaCU. The blocking of the noz- 
zle may be prevented if chlorine gas Is blown 
against the surface of the GaCl2 solution through a 

25 nozzle not immersed therein. This method, how- 
ever, enables only a reaction of low efficiency and 
requires a long time for chlorination. It is possible 
to add metallic arsenic instead of AsClj, as it is 
chlorinated to fonm AsCls and thereby produ&es the 

30 same results. 

it is preferable to form as a result of such 
chlorination treatment a crude chloride mixture hav- 
ing a molar Ga/As ratio not exceeding I. If the ratio 
exceeds I, GaCls undergoes crystallization when 

35 the chloride mixture is cooled to a temperature 
below 70'C for transfer to the forthcoming step of 
distillation. The crystallization of QaCIs makes the 
transfer of the chloride mixture difficult and its 
transfer at a temperature of 70'C or above is very 

40 dangerous, as AsCfe produces vapor. The chloride 
mixture having a molar Ga/As ratio not exceeding I 
can be transferred safely without causing any cry- 
stallization of GaCl3 even at room temperature. 
The molar ratio of gallium and arsenic in the 

46 chloride mixture can be adjusted if AsCls or metal- 
lic arsenic or both are added to the scrap, whether 
it may be scrap containing both gallium and ar- 
senic, or gallium alone. It is appropriate to add 
AsCU or metallic arsenic or both in a molar ratio of 

50 1 to 5 to gallium. The addition thereof in a larger 
amount is uneconomical, as it results in an in- 
creased consumption of chlorine and an Increased 
production of chloride. 

The chlorination is an exothermic reaction. 
Even if the blowing of chlorine gas is started at 
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room temperature, no heating is required, as a 
gradually rising temperature promotes the reaction. 
If the scrap is in the form of lumps. It Is advanta- 
geous to separate It from a liquid phase and blow 
chlorine gas against it directly, if the scrap Is in the 
form of powder, it is better to place it in a liquid 
phase and blow chlorine gas Into the liquid phase. 

Then, AsCIs and impurities having a boiling 
point which is lower than that of AsCd are removed 
by evaporation from the crude gallium and arsenic 
chloride mixture. The removal of AsCIa and those 
Impurities by fractional distillation makes it possible 
to recover AsCli at a comparatively high purity. A 
part of the AsCIa which has been recovered can be 
recycled for addition to the scrap to be chlorinated. 
Altematively, it can be reduced with hydrogen to 
form metallic arsenic, or hydrolyzed to form ar- 
senious acid. As the arsenic chloride and impurities 
have been removed, there now remains crude gal- 
lium chloride. 

The remaining crude gallium is refined by dis- 
tillation and the refined product is collected. It is 
preferably distilled at a temperature of I80'*C to 
2I0*C. If its distillation temperature is lower than 
I80*C, the distillate contains arsenic and other im- 
purities. If it exceeds 210 "C, the distillate contains 
impurities having a high boiling point and fails to 
provide gallium of high purity. A distillation tem- 
perature of ZOO'C to 208"C is particulariy pre- 
ferred. The distillation is preferably carried out so 
that the crude gallium chloride in a distillation still 
may not be distilled completely, but so that at least 
10%, or preferably about 20%. thereof may be left 
undistilled, since a reduction in the amount of the 
chloride in the still results in a slower rate of 
distiilation which is likely to produce a distillate 
having a higher content of impurities. The chloride 
remaining in the still can be recycled for use when 
another batch of crude GaCI? is distilled. The gal- 
lium chloride which has been purified by distillation 
is substantially free from impurities other than ar- 
senic. 

The purified gallium chloride is electrolyzed to 
yield metallic gallium of high purity. The purified 
gallium chloride still contains about 2% of arsenic, 
but when it is electrolyzed, the arsenic is removed 
therefrom substantially completely. The gallium 
chloride can be dissolved in water to form an acidic 
solution which can directly be electrolyzed to form 
metallic gallium. However, as the electrolysis of the 
acidic solution produces chlorine gas and has a tow 
degree of current efficiency, it is preferable to form 
a gallate solution and electrolyze it. The gallate 
solution can be formed if an excess of an alkali, 
such as NaOH. is added to the aqueous solution of 
QaCls. When the gallate solution is prepared, gal- 
lium forms a slurry of Ga{0H)3. If the sluny has too 
high a gallium concentration, it is impossible to stir 



it to dissolve 6a(0H)5. Therefore, it is preferable for 
the slurry to have a gallium concentration of 40 to 
100 grams per liter. The use of a slurry having a 
tower gallium concentration should be avoided, as 
5 it requires an unnecessarily large amount of elec- 
trolyte. 

The electrolysis is preferably carried out at a 
cathode current density of 2.5 to 10 A/dm^ Any 
current density deviating from this range is not 
10 practical from the standpoint of current efficiency. 
For the electrolytic collection of gallium, it is appro- 
priate to use a cathode formed from titanium and 
an anode formed from platinum or like material. As 
a result of electrolysis, metallic gallium is 
75 precipitated on the cathode. If the concentration of 
gallium in the electrolyte fc>ecomes too low, the rate 
of Its precipitation becomes so low as to make the 
electrolytic operation inefficient. Therefore, the 
electrolysis should be discontinued when the con- 
so centration of gallium has decreased to a certain 
level. The gallium remaining in the electrolyte can 
be recovered by sedimentation in the form of Qa- 
(0H)3 if the electrolyte is first acidified and then 
neutralized. The gallium which has tDeen recovered 
25 can be used for preparing another batch of elec- 
trolyte. As a result of electrolysis, it is possible to 
recover metallic gallium having a purity of 
99.9999%. 

The invention will now be described more spe- 
30 cifically with reference to a number of examples. 



EXAMPLE 1 

35 A grating holding 600 g of lumps of scrap of a 

compound of gallium and arsenic containing 41.7% 
by weight of gallium and 58.0% by weight of 
arsenic and having a molar Ga/As ratio of 0.77 was 
placed in a separable flask having a volume of two 

40 liters and chlorine gas was blown Into the flask at a 
rate of one liter per minute for five hours, whereby 
1568 g of a crude gallium and arsenic chloride 
mixture were formed at the bottom of the flask. A 
flask still having a capacity of one liter was charged 

45 with 1565 g of the crude chloride mixture and 
heated by a mantle heater for carrying out distilla- 
tion. Rrst, AsCIa and impurities having a boiling 
point which was lower than that of AsCl, were 
removed from the chloride mixture. A vapor pas- 

50 sageway was cooled by water and the distillate was 
collected in a receptacle. The distillation was dis- 
continued when the vapor temperature had reached 
I80"C. Then, the receptacle was changed and while 
the vapor passageway was held at a temperature 

55 of 70*C to 80»C, the distillation was continued until 
the vapor temperature reached 2I0'C. The distilla- 
tion yielded 795.4 g of AsCIs and 508.3 g of GaCIa 
with a stilt residue of 261.3 g. The gallium chloride 
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which had been collected had an arsenic content of 
1.6%. 



EXAMPLE 2 

A flask having a volunne of two liters was 
charged with 300 g of crude metallic galliunr^ con- 
taining 99.0% by weight of gallium and 780 g of 
AsGI}. The mixture thereof gave a molar Ga/As 
ratio of 1.0. Chlorine gas was blown into the liquid 
in the flask at a rate of one liter per minute for 
three hours, whereby 1535 g of a crude gallium and 
arsenic chloride mixture were formed. The method 
of EXAMPLE 1 was thereafter repeated, whereby 
741 g of AsCIa and 719 g of GaCIa were obtained 
with a still residue of 75 g. The gallium chloride 
had an arsenic content of 2 %. 



EXAMPLE 3 

465 g of the GaCU which had l3een obtained in 
EXAMPLE I were dissolved in one liter of pure 

5 water. 300 ml of the solution which had been 
obtained was placed in a beaker having a volume 
of one liter. Pure water was added into the beaker 
to prepare one liter of a diluted solution having a 
gallium content of 46 g per liter for use as an 

10 electrolyte. A 90 mm square cathode and a sub- 
stantially equally sized anode were suspended in 
the electrolyte. The cathode was a titanium plate 
and the anode was a net of titanium coated with R- 
Ru. Electrolysis was carried out for 24 hours at a 

75 cathode current density (DK) of 3.1 A/dm^ and a 
bath temperature of 20**C, whereby 10.72 g of me- 
tallic gallium were collected. The gallium which had 
been recovered had a purity of 99.9999% by 
weight. TABLE I shows the impurities which it 

20 contained. 



TABLE 1 - Impurities (ppm) 
Si S Mg Fe 

0.08 0,10 0.04 0.05 



Note; Traces of O. C, N, P and CI were also found, 30 
but no other substance was detected. 



EXAMPLE 4 



35 



400 ml of the GaCU solution which had been 
prepared in EXAMPLE 3 was placed in a beaker 
having a volume of two liters. Pure water was 
added into the beaker to fonnn 1200 ml of a diluted 
solution. 183 g of high purity sodium hydroxide 40 



crystals were added into the solution and the solu- 
tion was stirred to yield 1400 mi of a gallate solution 
having a gallium content of 52.8 g per liter for use 
as an electrolyte. One liter of the electrolyte was 
placed in a beaker having a volume of one liter. 
The electrolytic method of EXAMPLE 3 was re- 
peated to recover 45.67 g of metallic gallium. A 
current efficiency of 87.8% was achieved. The gal- 
lium which had been recovered had a purity of 
99.9999% by weight TABLE 2 shows the impuri- 
ties which it contained. 



TABLE 2 - Impurities (ppm) 

Al Si S Ca Fe Cu 

0.03 0.10 0.20 0.08 0.03 0.30 



Note: Traces of O, C, N, P and CI were also found, 
but no other substance was detected. 



Claims 
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1. A method of recovering gallium comprising: 

treating scrap containing gallium and arsenic with 
chlorine gas to form a crude gallium and arsenic 
chloride mixture; 

removing arsenic chloride and impurities having a 
lower boiling point than that of arsenic chloride by 
vaporization from said mixture to obtain crude gal- 



4 



7 



0 219 213 



8 



lium chloride; 

distilling said crude gallium chloride to purify it; 
and 

5 

electrolyzing said purified gallium chloride to re- 
cover metallic gallium therefrom. 

2. A method as set forth In claim I, further 
including adding to said scrap at least one sub- 
stance selected from the group consisting of ar- io 
senic chloride and metallic arsenic so that said 
scrap may have a molar gallium/arsenic ratio not 
exceeding I before it is treated with chlorine gas. 

3. A method as set forth in claim 2, wherein the 
impurities having a lower boiling point than that of is 
said substance are removed by distillation so that 
arsenic chloride may be collected separately from 

said Impurities. 

4. A method as set forth in claim I, wherein 

said crude gallium chloride is distilled at a tem- 20 
perature of 180* C to 210 °C. 

5. A method as set forth in claim 4, wherein 
said crude gallium chloride is distilled at a tem- 
perature of 200 **C to 208 "C. 

6. A method as set forth in claim I, wherein 25 
said distilling is discontinued when at least K)% by 
weight of said crude gallium chloride remains un- 
distllled. 

7. A method as set forth in claim I, wherein a 
gallate solution is prepared from said purified gal- 30 
lium chloride for use as an electrolyte. 

8. A method as set forth in claim 7, wherein 
said gallate solution has a gallium content of 40 to 
100 g per liter. 

9. A method as set forth in claim I, wherein a 35 
cathode current density of 2.5 to 10 A/dm^ is em- 
ployed for said distilling. 

10. A method of recovering gallium comprising: 

adding at least one substance selected from the 40 
group consisting of arsenic chloride and metallic 
arsenic to scrap of metallic gallium; 



treating said scrap with chlorine gas to form a 
crude gallium and arsenic chloride mixture; 

removing arsenic chloride and impurities having a 
lower boiling point than that of arsenic chloride by 
vaporization from said mixture to obtain crude gal- 
lium chloride; 

distilling said crude gallium chloride to purify It; 
and 

electrolyzing said purified gallium chloride to re- 
cover metallic gallium therefrom. 

11. A method as set forth in claim 10, wherein 
said scrap to which said substance has been ad- 
ded has a molar gallium/arsenic ratio not exceeding 
I. 

12. A method as set forth in claim K), wherein 
the impurities having a lower boiling point than that 
of said substance are removed by distillation so 
that arsenic chloride may be collected separately 
from said impurities. 

13. A method as set forth in claim 10, wherein 
said crude gallium chloride is distilled at a tem- 
perature of 180'C to 2I0'C. 

14. A method as set forth In claim 13, wherein 
said crude gallium chloride is distilled at a tem- 
perature of 200"C to 208*C. 

15. A method as set forth in claim H), wherein 
said distilling is discontinued when at least 10% by 
weight of said crude gallium chloride remains un- 
distilled. 

16. A method as set forth in claim 10, wherein a 
gallate solution is prepared from said purified gal- 
lium chloride for use as an electrolyte. 

17. A method as set forth in claim 16, wherein 
said gallate solution has a gallium content of 40 to 
100 g per liter. 

18. A method as set forth in claim 10, wherein a 
cathode current density of 2.5 to 10 A/dm* is em- 
ployed for said distilling. 
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